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A FREQUENCY COUNTER WITH A MEMORY 
AND WITH BUILT-IN RELIABILITY 


What, another count or? Vos, the 
Typk 1130-a Dij^ital Time and Fro- 
((nonoy M(‘tor shown in Figure 1 is a 
hrand-now entry in the field of hij^h- 
speed counters - new on the scene and 
new in many important details. Like 
several others, it is an automatic instru¬ 
ment for th(* preei.se ineasunMuent of 
fre(|U(Miey, period, and time intervals. It 
(litTersfrom them, however, in usinj;; new 
circuits and new desij^n ideas to provide 
unusual features and a very hij^h dej^rc'c 
of reliability. 

The instrument measures fre(juencies 


from do to 10 Me with a maximum 
preei.sion of dbO. 1 eps, periods from 10 
/xsec to 10" siH‘ with a precision of ±0.1 
/isec, and time intervals from I /iS(‘c to 
10" sec with a precisi<>n of ±0.1 /xs(‘c. It 
can also he used to count- random events, 
measure frecpiency ratio.s, compute phase 
.shift, and mea.sure chara<*teristi<*s of 
pulse waveforms. 

Dijiiital countei*s have found increa.sin^ 
application during the pa.st ten years, 
and .several commercial versions hav(‘ 
come into wide use. The design of .still 
another, having similar ba.sic charac- 


Figure 1. Panel view of Type 1130>A Digital Time and Frequency Meter. 
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I eristics, was uiuirrtakcMi only after 
tlionmjrli siudy iinlieati’cl that hotli per- 
fonnanec* and eonveiiieiiee of use <'ould 
he suhstantially iniprovi'd. 

rill' 'Fyi’K 1 is unt ‘^jiist another 

eoimter.” From the start of oiir d(‘veln|»- 
meiit work, we <l(M‘ided that we should 
d<*si^ii and market siieh an instrument 
only if we <*ould make some important 
new (‘Ujjiineerin^!: eoni rihut ions that 
woiihl have substantial value to most 
usiTs. Studies of several eommereial 
etiunters have une<>ver(Mi inherent shori- 
eomini^s in existing «li*si^ns. and Held ex- 
perieii(*e has shown that malfunetions 
arisiiejc fr(»in thes(* occur often enough to 
he ol)j(‘ctionahle and to ne<*essilat(* e\- 
haisive maint<*uan<'e programs. 

I*'urlher inherent disadvantaj^es in 
previous instruments have resulted from 
tin* natur(‘of tin* measurement s(*(|uence, 
or program used. 'Fhe proccvss of alter¬ 
nately counting and displayinti: has I(m 1 
to the familiar “intermittent” type of 
presiMitation. which is not only iindiicicait 
hut teinl.-^ to r*a»is(‘ operator confusion, 
fatit£Uf\ and annoyaiu’e. 

'Po overcfune the dilficulti<‘s stemming 
from these iidierent charactc*risties anti, 
in iciMieral, to htiild a liettta* counter, 
we had to tlesijxn circuits that wi‘re not 
based on traditional idi^as. So wt‘ mad(‘ 
a fresh start. X’iewinn the instrument 
as the sp(»ciali'«ed ilij^ital computer it is. 
wt» tli*si^ned the operatinj^ sy.stem, the 
ni*\\ basic circuits, the display and 
controls, and the mechanical a.ssemhiy 
from the ground up. 'Phe rt'sult is an 
instrumtait that we helitwe represents 
an outstanding combination of p4*rform- 
ain*e and n^liability. 

SPECIFIC GOALS AND ACHIEVEMENTS 
Reliability and Ease of Maintenance 

It has always becMi the objectiv<* of 


(leiKTal Radi<» to produce reliable ecpiip- 
menl, and the standartls of <|uality de- ^ 
V(‘lop(‘d in seekinji; this objective have 
lormed the basis of the company’s rejiii- 
tatiou. This backj^rouiid has furnished 
a .solid foundation frcau which to work, 
but it hits lasai buttr<*.s.sed at all possible 
points by innovation, as well as by the 
experience of others. 

The computer field, in ])artic\ilar, i.s 
a ri(‘h sourt'c of ix'liability information 
ami ideas, and the ilesit^n of the 'Pyi'K 
I bid-A Dij^ital Pimc* and Fre<|uein*y 
Meter lias drawn extensively u|)on com- 
putiT techni(|ues and components. A 
major ilecision, obviou.sly, has b(‘en th<' 
selection of va<‘uum tubes instead of 
transi.stors as active* compon(*nts. Pro^- 
irress in the performance of .solid-.state 
d(*vici*s has Imh*!! contiiiuou.s, and often 
s|><‘cta<'ular. in recent years. Reliability, 
on tin* othi*r hand, takes time both to 
b(* ai‘hi<*vc*<l and to lx* a.s.sess(‘d. 'Phe ^ 
wealth of [)rov<*n comfionents and reli¬ 
ability (‘xperieiici* lor vaeaium tub<*s has 
tln‘refore, on balaina*, Imm'u j^ive*!! con¬ 
trol I inj^ W(*ij^ht in I In* d<‘»‘ision. 

'Po b<* most us<*ful. an eleiUronic 
«h*vice .should operate for a lonjs time 
without failure* and should be* e*asily 
put bai'k in se*rvice* in a short time*. Phe 
first of the*.se* e*harjict<*ri.stie*.s me*asure*s 
n*liability and the se»<*ond <*as<* of main- 
te*nain*e. Pin* (IR ('ounte*r has be*e*n eh*- 
sij'iieel to me*4*t Ixith tln*.se* r<*e|uire*nn*nts. 
Reliability is :i.ssure*el Hi*st of all by 
thorough .system de‘.sij!:n. 'Pin* countinj^ 
units de*.scribe*el below. f<»r e'xample, use 
a feMxiback .system not fouinl e‘lsewhere', 
and tin* e*fficie*ncy of the ope*ratiii;£ pro- 
}£rani is uni(tue. 

R(‘liability is further a.ssure*d by pains¬ 
taking^ e*ircuit de*sijj^n. ('omput<‘r-Kraele 
tube's (frann*-;;riel type's whi*re* .suitable*) ^ 
are* used throughout the* instrume'nt. .Ml 
components are* seve*re*ly der:ite*d and 
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|jrenii\nii-<|ii;ility (•(unirclors aiv used. 

^ C’in'iiits have Iuhmi to oj)ora(e 

pi’oporly uiulor (‘xt(*nsivt* vanati<»ns and 
d<‘j5radalioii of Inho parainrl(*rs. and do 
not r(*(|uire fussy n*i;ulatt‘d plalo and 
hoater pow^r supplies. Only oim* regula¬ 
tor eiiTuil is used to assun* inaxiinum 
stal»ility of thi‘ erystal-eoiitrolled tinu*- 
l)as(* ()seillator. 

Modular eonstruetion lias lH*en used 
to siin])lify inainti'iianee. livery tulie 
circuit is on an etched-circuit hoard, 
which can he (piickly rtanoved for reiiair 
or replaccMuent. and t(‘st ])«mits ar(» 
available at inark(‘d ])ani*lson both sides 
of the instruiu(‘nt. 'Flu* etch(‘d-circuit 
hoards enilxKly constructiiui techniques 
that hav<* r(‘sulf(*d in a remarkable serv¬ 
ice* r(‘cord. Since (IH began using 
I'lclu'd-circuit boanis sev<‘ral y(‘ars ago, 
we have* shipped I l.KK) instrunu*nts cein- 
taining 21.i^t)0 boarels. Among these 

^ 2I.‘^(KI boards only 12 failures have be*en 

roporte'd, anel the e*aust^s for these* fail¬ 
ure's have since* be*en founeland corrected. 

Display 

'riie* probl(‘m of data elisplay was the* 
first te> l)e attacke*d. The operating 
program us<*d in most e‘ountt*rs produces 
an ine*fficie*nt and fatiguing inte*rmittent 
elisplay. While counts are* be*ing ae*e*umu- 
lale*d l)y the instrument. ne> information 
is presente^el to t he e)pe*rator. (’onver.se*ly, 
while the ivsult is eiisj>l;iy(*d, no new 
information is entering the counte*r. We 
have* devi‘lo]a*d a storage system that 
he>lels a e-ount anel displays it contin¬ 
uously while a ne'w ceamt is being ac- 
e*umulate*d. At the enel e)f e*ach e*ounting 
interval, the* ne*w count is IranslernsI to 
the display in a brief, 10()-^se*c interval. 

^ C’aivful atte*ntion was also give'ii to 

the elisplay itse*lf. In-line re*aelouts have 
bi*en wide*ly adopted for countt*rs but 


aelel con.siele*rably to i*xpe*nse, comple*xity, 
and maint e'liance. The*rme>met er-type* 
displays, on the* othe*r hand, have a run- 
ning-up-*inel-down appe*arane*c that has 
gene*rally le*en founel obje*ctionable. 'bhis 
obje*ction is e*omple‘tely overcome by tlie 
use of storage, anel it was tlu'iefore* 
de*cide*d that the simple, reliable* ne*on- 
lamj) e'olumns olTere*d the best solution 
for botli e*e*onomy and convenie*nct*. 

Four de'cade*s of the (IR <*ounle*r e*an 
be* used eith(*r as storage* or as e*ounting 
units. Depe'iieling upon which function 
is .se»l('e‘t(*el. the* op(*rator has the choice 
of eithe*r an S-eligit “intermittent'’ elis¬ 
play of e*e»nve*ntional type* or a 4-digit 
continuous elisplay. Uy pn»pe*r sf*le'ction 
of the* e-ounting inti*rval the* 4 cem- 
tinuously eli.splaye'd eligits can be any 
4 cemse'cutive* digits in the S-digit 
numbe*r. Whe‘n <*alibrating variable*- 
fre*(|Uene‘v o.scillators, tor e*xample. one* 
is u.siially inte*re*.ste^ei in only the* hrst 
feNN digits. The*se* would therefore la* 
chost*u for e-ontinuous di.splay. (’on- 
ve*r.se*ly, in the* im*asureme*ut of fre*- 
ejue'ucy drift in v(*rv stable* e).se‘illat<»rs. 
only the* last lew .liKils would |>robably 
lie* significant and e*ho.se*n for cem- 
tinuous elisplay. 

A furtlier uniepie aelvantage* of inte*rnal 
storage* is the* inh<*r<*nt availability of 
ve)ltag(*s suitable for analeig graphic re*- 
cording. The simple* Typk I1.’FI-.\ Dig- 
ital-to-Analog (’onve‘rte*r a(*e*«*sseuy. 
whie*h eiperates from the storage ele*c- 
ade*s, provide*s a dc output of 0. 
aeaairacy anel line'arity. e*e»iTe‘,sponeling te» 
any 3 cem.see-utive* digits eif the* counte*r 
display. This e)utput will drive* graphie* 
re*ce>rele*rs dire*<‘tly witheiut the* ne‘e*el of 
an inteameelijite*. e*xpensive ele*e*tronu'ch- 
anical .storage .sy.stem. A graphic re*ce)rd 
is mueh easi<*r to analyze* than a list eif 
numbers, anel the re*sults e‘an be* just as 
ae'e'urate* if the ])re)pe*r eJigits are* se*lee‘te*el. 
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Decimal-Counting Units 

Tht' (losijrn nf I Ik* (i(‘<*iinal-r<>uiilinj!: 
<»r of tin* (IH (VuiiitcM* has 

iiicorixuiitiKl both optiinizati<»ii 
ni<|ii(*s aial laivt*! i(lc:is. A first st<*|) was 
a ilHaiU‘(i sttuly of histahh* Hip-Hop 
eirniits and tiu* intorrnlations of rom- 
ponoiit valutas and tula* ^•hara<•lnristi^•<. 
l)(*si|rii furvos* wnn* dnv«»lop(*<i from 
whirli optiinnin vainns could l»c deter¬ 
mined. detaMidini' upon desirecl repeti¬ 
tion rat(»s ami available' tubes. This was 
folh)W<Ml by an intensive study of 
ilecimal-countiiiK systems. 

In op<*ration tlie flip-flops of a dcMMinal- 
cenuitin^ unit are complemented.^ 'bhat 
is, they rcvi'ise* state at each inpttt pulse* 
anel issue an e»ulput <»r e'arry pulse for 
every otficr input pulse. sin^tle Hip- 
Hop. the*refore. forms a scale'-of-two 
(’inaiit, firoducin^j e-arry pulsivs at half 
the* re'petition rate* of the* input. Four 
ca.scaelod Hip-Hops form a basic scali*^^- 
sixte*!*!! ass4*mbly as .shown in Fij^ure* 2. 

Fiirly e'oiinteis elisplaye'el th(*ir <*eiunt 
(hm*tly in binary units and it was 
customary to refer tf> thi*m as .scale*-of- 
f»l, scale-of-12S counters, etc., de'penelin^ 


FLIP-FLOP 
^ ELEMENTS 

PULSES TO ,_____,,_, 

BE COUNTED- 4lMH2ng6rd|{^ 

DECIMAL 
NUMBER 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
I I 
12 

13 

14 

15 

16 « 


— STATES— 
0 0 0 0 


upon the numbe'r of Hip-H<n>s us(‘(l. 'Fhe 
meKlern deM*imal systems .stean frean the 
weirk nf I. M (IroseleifT.* who .slimve*!! Imw 
to chani^e tlie .s<*al(»-of-si.\te*e*n sy.stem to 
a scah*-of-ten by mi'aiis e»f fi*e*dback 
puls<*.s. and heiw to li^ht ten ne^ni lamps 
in the now familiar columnar eli.splay. 
Fiuun*3 shows the two fec‘dl>ack systems 
dese'ribenl by (5ro.<eIolT. 

'riie double*-fee*dbae‘k sy.stean is b(*st 
aeiapte*d to li^htinLC ten ne*on lam()s in a 
de*<‘inial eli.splay beeaiuse* the* filate* volt- 
aj^e's e>f the four flip-flops e*an be* proi)e*rly 
e*ombine*d in a simple matrix «>f re»sislt>rs. 

'riie sin*ile*-fe‘e*<lbae'k syste*m is be*st 
aelaple*el to reliable countinj^, 

He*cause of the t*ase of eibtainini: the* 
elisplay, all pre*vious c'eMinlers have* use*el 
the doubl(*-fe'edbae*k .syste'in in low-sp<*t*d 
de*cade*s. Such tle*caele*s, howeve*r, are* 
subje*cl to e'lTors in countint( cause*el by 
the* multiple* fe*e*<lbae*k. anel failures freim 
this e*ause‘ have b(*e*n a fre*<|uent seairea* of ^ 
treiuble. 

The first fe*e*dback sijrnal in tlie 
eloubl(*-fe*eelback .system oe*curs at the* 
ceiunt e>f feiur. The* (I I transition of the* 
tliirel Hip-Hop reseUs the* se*e*onel flip-fle>p 
to 1. This ope*ration canse*s no eiifliciilty 

Ut. W. Stunrt. '*\tt*niut»-Twh«« IliiKnui* Orxitffi fur 
f'niiiiiiorcuil Itt-truiiwntmion," xtHr.M Tprlitiicnl Pni- 
imuii. NovemhiT lU. 

*Frmu tlir rwmfpt of ruiuiilpiurriiurv Qiiiiih«>r«. In iIm* 
liitutry nystPtu two nnnibpnt, arid I, fcirin ilip whol«*. I U 
tliPrrfon* tlip n>nii>l«‘topnt of fl and t'in* vonoi, ncKi a flip* 
flop, in taking on iKitli Ka)> roiupUninl flu* ctoiiit of 

all iMlfMblif Duiiibi'i>. 

•I. K. fjroiitloff. “Klpctnmii' CoiineorH," Ue’.L lU'View, vul. 

Nil. no. "A, .sppr.. I04»»; pp. 4SH-417. 

I, F. fln^^iiofT. "IdiM'tnmir C’bain itilli Doninul Indi- 
mtor:*.'’ I’. S. I‘«t»*ne No. 2,lHei,eniM: .Mtirrh 2. Ill Is, 


Figure 2. Block diagram of four coscoded flip-flops 
in o scale-of-16 assembly. Each flip-flop is set 
alternately to states 0 and 1 by its input pulses. On 
transition from state 1 to state 0, each flip-flop 
transmits a carry pulse to the following flip-flop, 
which in turn tokes on states 0 and 1 ot half the 
rote of the preceding flip-flop. The flip-flop stotes 
corresponding to the number of Input pulses ore 
tabulated below the diagram. Note that the listing 
of the flip-flop states shows the least significant 
digit ot the left — the reverse of the corresponding 
binary number. 
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siiKT the 0-1 transition of the s<‘con<l 
flip-flop j;enerates no carry pulse'. ("on- 
side‘r, however, the transitieui from o to (>. 
'riie' input pulse* fii*st sets the fli|>-ft<»ps to 
state's fKlOl; the 0 1 transition e»f the 
fourth Hill-flop fe'etls a peilse hack to the* 
tIntel flip-fle»p to re'se‘t it from 0 tei 1; this 
01 transition <if the thirel Hip-Hop, 
however, is the same transition previ¬ 
ously uschI to rt'se't the* s('e*onel flip-flop to 
I in the first fe'eMll)a<*k operation. With 
ne»w tithes the ittiwanleHl feMalhack eloe's 
tint iM'cur iK'eause* the transitieins freun 
1 to 0 anel 0 to 1 in the thirel flifi-flop 
follow eae*h eithe'r sei closely in time that 
a full-sizeal feu'elhack pulse to the se'conel 
Hip-Hop is not ji;e*ni‘rate*el. As the* luhe*s 
atxe, however, chanti;e*s in voltage level 
anel ele'lay time* ctin, anel do, pn*ve»nt this 
s4'e|uence from oe*e*urrinjc properly, ami 
the* e*ount jttmps frotn 5 tei 8 instt*ael of 
from 5 to ti. 

'I'lic new (IH ('onnte*r does not use 
this system anywhe*re. hut use*s instt»ad 
the* fe»o|proof single*-fe*e'elhack system. At 
the* s:ime lime*, hy the use of ati aileli- 


tional neon larnp^ the adding matri.x fe>r 
the ten neon lamps is made as simple* 
ami economical as the matri.x useil with 
the? eiouhlf'-feedhack system. 

Xeon lamps are also useel in the 
feexihack netweirks to assure reliahle 
operatiein*, and necui lamps and resistors 
are usexl to e'onvert a low-spc*c*el e'ountin^ 
de*e*aele into a ceunhination e'ountin^ ami 
storage elee*mle*‘. 

'i'he* prohlem eif tube aging has heen 
gre.*atly re'<lue*e*ei in the (IH eieriides. 
.\ll circuits will ope»r:ite with half-elead 
tubes, that is, tubes with half the g„. e»r 
twie*e the of a ele*sign-center tube, or 
with any e*ombination of ne*w .'ind 
agexl tube's. 

The 10-Mc Decade 

The e*ase*ade*el time elelay.s inve)lve*ei in 
the transitiein from 7 to 8 in the* fe*(‘<l- 
back system ele*.se*ribe*d above limit its 
use to input-pulse* re'petitiem rate's up to 
about 1 Me*. For opf*ration at fasten’ 

*11. W. Stiuirt. "Klrrtnr .Swiii'liinx rirpiiiU,” Itritish 
l*nu*nt r. .s. Patent IVniiiDK. ’’('oiinter ond 

Display SyHtoui.” I . S. Patent Pemlin*. "e’lMintina uml 
.Storage Sy§teiii»,** 1’. S. Patent Pc>n<linK. 


FEEDBACK AT FEEDBACK AT 

5-6 TRANSmON . 7-8 TRANSITION 


Figur* 3. Feedback systems for 
converting from scole-of-six- 
teen to scole-of-ten operotion. 
The carry pulses are generated 
during transitians from slate 1 
to state 0, the feedback pulses 
during transitions from state 0 
to state 1. The weightings 
necessary to convert the binary 
states to a decimal number are 
listed below the tabulated flip- 
flop stotes. The crossed-out 
binary slates do not occur but 
ore bypassed by the feedback 
reset operations. 


PULSES TO 

BE C0UNTED-4 Tstfefidbrd|4thl 

FEEDBACK AT 
Z-A TRANSITION 

DECIMAL 

NUMBER 

0 0 0 0 0 


1 

2 





7 

8 


10 


10 0 0 
0 10 0 



PULSES TO „ 

BE COUNTED- H ^««]f^ 3rd|i4tK | 


DECIMAL 

NUMBER 

0 0 0 0 0 

1 10 0 0 

2 0 10 0 

3 110 0 

A 0 0 10 

5 10 10 

6 0 110 



9 till 

10 0 0 0 0 


flip-flop 12 2 4 

WEIGHTING 


FLIP-FLOP 12 4 2 

WEIGHTING 


A.DOUBLE FEEDBACK SYSTEM 


B SINGLE FEEDBACK SYSTEM 
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coumtinc oecaoes 



rates, flip-H<»ps and niultiplo 

jjatin*!; systems" have Ix'eii <levise<i to 
minimize the liint* delay. In the («H 
hitj;h-spe(‘d d<*eade. two novel features 
have been nse<l that contribute* to a 
d<*ti:ree of relialiility comparable to that 
of the lower speH'd decades. A block 
diajrrain of the jjalin^ system used is 
shown in Fij^ure ti.” In this sy.>t(‘m tlu* 
till flip-flop is a sim])le set-reset circuit 
which controls a ^ate* directinj? the carry 
pul.'^f's from I lie 1st flip-flop to the 2nd. 
The count proce<‘ds fnim t) to 11 in normal 
scaltMif-sixteen fashion. The transition 
from 1 to 0 in the 3nl Hip-floj) at tin* Sth 
count sets the Ilh flip-flop to the I state*, 
closinj^ the pile*, rhe out])ut pulse of 
the 1st fhp-flop at the count of If) is 
th(‘r<'fore prevent(*d from Iri»;p'rint; the 
2nd tlii)-flop and instead resets the 4th 
flip-flop to 0, leaving all flip-flops in tin* 
0 state and reopening tin* pite*. 

Ill this syst(‘m, only the first flip-flop 
operatesat tin* hi«:h-inpul rate, (^irrent- 
source couplinp ** is u.sed in this cin‘uit 
to achieve* maximum spe*e‘el. 

The ele'caeie system eJe\scribe*el results 
in a 1-2-4-iS coele*. 'Phis e*odint; is cein- 
verte*d to the 1-2-4-2 s(*i|uein*e e)f the* 
lower .<})e‘e‘d dee*ad(*s in a four-lube 
re*a<le)ut unit separate from the* lO-Mc 
e'ountinj^ ele*e*aele. 

Operating Program 

'Phe e)pe*raliii^ .see|ue‘nce, or prop'am, 
used in previemse‘ounters has limited the 
efficiency e>f informatiem proe*es.sin^; to 
5(K;i at best. A lO-.second measure»ment 
of freeiuene-y, feir example, tveiuires an 
annoyiriji; eleael time eif at least an ad- 


Figure 4. Block diagram of the counter; frequency 
and period measurement. 

elitional 10 seconds for display befeire a 
new e*e>untinR interval begins. In con¬ 
trast, the program of tin* ( IH Counter is 
83^ c ‘‘ffi‘*ient. It is therefore neee.ssary 
to wait only 2 seconds before a new 
measurement is begun, irrespective of 
whether 8 digits intermittent or 4 digits 
continuous an* displayed. For a one- 
.*<(*(• 011(1 measur(‘ment, the waiting int(*r- 
val is only 0.2 s(*con(l, for a 0.l-scM-ond 
m('asur(*m(*nt only 0.02 .seconds, etc. The 
efficiency of the continuous di.splay. on 
the oth(*r hand, is (‘sseiitially 100^( .since 
new an.swers are tran.sferiTd in only 
100 micro.second.s. 

Human Engineering 

'Ph(* positioning and labeling of con¬ 
trols and connectors in previous designs 
liave left much to be d(\sir(Hl from the 
standpoint of the ()p(*rator. .Vs shown in ^ 
Figure I, the.se components are logically 
arranged and clearly label(‘d in the CH 
counter. 'Phe t(*rms us(*d are simple and 
d(*scrit)tive. Two-color engraving furlh(*r 
simplifi(*.s the operation of the in.stru- 
nunit. 'Phi* whiti* engraving indicat(*s in¬ 
formation of primary inter(*st to the 
ojierator, .such as the mea.suremeni being 
made and the units of measurement; the 
orang(* engraving indicat(\s secondary or 
.supporting information, such as tlie 
counting int(*rval. For example. wh(*n 
the large, centrally locat(*d, measurement 
control is in the 'Pime-lnterval position, 
an orange dot at the rear of the double¬ 
bar knob points to an orang(* line l(*a(ling 
to the Start and Stop input connectors. 

‘A. 8. na«lcy. ",V 10 Me Sealer for NuHrnr atnl 

FnHuirncy 111* Journal. v»il. 2. no. '2. 

October, 10.">0: pp. 1-4. 

•K. L. Kemp. ‘•Gulwl Decade Counter l(en»nre> \o 
toHsllmek.” tilerlnmirn. vol. 20. pp. 1I.V117. rebninry. 

1 $).'>». ^ 

■I’atent I’eiulinK. 

'H. W. Trank. **An lni|»rove«l I'ul.»e (ieneralor willi I-"* 
ns Uiw* Time." (Vonem/ Utulin la^firrtmfutfr. Tl. 2. 

Februar\, I'.loP. 
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TECHNICAL DESCRIPTION 


^ Stmplifled Block Diogrom 

TTh‘ siriiplifi<‘<l bIcM’k clin^ratn of rimin- 4 
hIioum tiiat tli<‘ Typk 1130-A Digital Tiiiir aiitl 
Kmiiiriiry MrtiT cotilaiiis livi* Imhir rirniil 
hloPKs: iIh* Input (‘irciiits, ihcTiiiti* lia.M*. Ilw 
Main (iatr, llir Program Control, ami tlio 
I )4M*iinal<( Viniiting I'nits. Tin- input (‘inaiils 
iirn usrjl to gciu‘rat(‘ trigger pnlsPM from the 
in^iut signal, Por fn*i|ncnry nu*asnn*im*nl llie 
tnggiT piil.Hi-s an* rounted for a lime interval 

• lerivni from llie lime luisi*; for liim* measun^ 
men! (|N*no<i. 10 period, or time int4‘rvai *, tin* 
trigg4*r pnls 4 *s determim* the tiiiii* interval, 
during whi^'li eloek pnl><*s from the tinn* hasi* 
an* eoiiiiteii. 

The Pn»grain ( Viiitrol o|M*ns and eh»s4*s I he 
Main (tati*. eimtnds the (iuiplay, and handle^ 
the various resetting o|M*rations. 

Input Circuits 

A prime r<*i|iiiremeiit for tiigital me.osuring 
«’4|iiiptm*nt is that it In* as nearly autoniatie as 
possiliU*. This re(|uirement is pul to its most 
severe t4*st in tin* input einuits, wlaTe the* 
4a»unl»*r system im*ets the us4*r’s syst«*ni. I iigia*st 
relhdality ran he ohtaimsi when tin* signals 
eoiititnl are puls<*s of eonstant aiuplitiidi* and 
(luration; the more nearly eonstant, the mon* 
reliahle the eounting. ^’(‘t this signal must Is* 

• lerixasi fr»un the user's signal, in ixhieh fn*- 

• |m*ney, waveform. imMlulation, and noisi* an* 
^ all X'ariahli's. T«» make the eounter us<*ful with 

the xvidest X'ariely of input signals \xe h;»ve 
tln*n*fon* proviihal: 

1. A meatis for adjusting the input ein*tiit to 
pnaluee tin* trigg(*ring pulse at stum* speeifieil 
uipiit-voltago level. This permits tin* rejeetion of 
soim* forms of noist* in the inout signal ami 
atlapts the eount<*r to im*asure tin* fref|Ueney or 
pi’HiMl of hovnluty-ratio piilsed signals. 

2. A means for n*moving de so tiuit the 
fre<|ueney ttf {in input sign:d p«sh*stale«l on de 
ean Ih* mno>im*tl 

3. All attenuator to help retiuee the elTis*t.s of 
noise and inere.ase the mnge of the triggering 
level eontrol. 

I. A me.'iiis for .seleeting the s1o|m* of the 
input signal whieh pnMlm*(»s the lM*st trigger 
pulst*. T'liis adjustment is partieuhirly im- 


IMirtanl in |M*riod ami tiim*-iiiterv'al meitsurr*- 
meiils where, for maximum aeruraey. the mo'it 
rapidly eh.*tnging portion of the input signal 
should he seleetetl. 

A simplilinl sehematii* diagram of the irifiul 
ein*uits of the eounl«*r is .shown in Pigure o. 
The tW4i iriiah* .s(«etions of I hi* (irst tulu* an* 
eonneetisl ms a push-pull dilTerenee-amplilic'r or 
“long-tailed pair”*. The input signal is :ipp|jed 
to one grid of the pair and a variahh* referenee 
voltjige. determined hy the Trigger-1 a* vel 
eontrol, is appliial to the other grid. TTiis 
n*feronee voltage determiiu*s the |Kunt on the 
input-signal waveform al xvhieh a trigger piilw 
is generated hy tin* Input (’ireuits. Por fre- 
i|m*ney measurement of elean. sinusoidal 
signals, it is d(*sir,*dih* to gi'iierate trigger pulse.- 
al the y.en>-«‘ro.s.sings of the input signals to 
obtain maximum sensitivitv. Ilowex'er, for fn*- 
tpieney measurement of pul.se waveforms in the 
pri*senee of nohe \xhieh e:iusi*s multiph* /ero- 
en».s.sings, and for period and limiHnIerval 
me.asurenients :ind tin* eounting of random 
exent.s, it is desirahle to adjust the triggering 
level to the eleam^sl or most signilieant portion 
of the input waveform. TTa* Trigger-1 a* vel 
eontrol is a potentiometer with a groundi*<l 
eeiiter-tap eovering a hroad region of rotation 
whieh allows :i i|uiek. iioneritieal return to 
ground iNitential. TTie range of the refen*nee 
X’oltage is :t 1(1 volts whieh. in eonjuiietioii with 
the 10:1 input allenualor, provides an efTiH*ti\'e 
input-triggering rangi* of ilOO volt.s. 

Hy interehanging ttie grid eonneetions of the 
input signal and n*fen*nee voltagi*. the Slop** 
('ontrol (not shown in Pigure .’>) determim*s 
whether a trigger pulse is generattal jit a 
|Mi.sitive-going or a negative-going erossing of 
the triggering level. The Shipe ('ontrol ean 
also eonneet a eapaeitor in series with the input 
signal to hloek any de that may hi* pres4*nt. 

The lirst ampliiier eireuil also .serves as a 
stable limiter, .sinee the plat«*-\'oltage limit.s 
are determim*«l by the plate-supply voltage and 
the plate and eathmle ri*sistors. ami are i*ss«*n- 
tially inde|a*ridenl of lube eharaeteristies. 
lh*eaiLse of the symm«*trieal. balaneisl nature of 

Ki. K. V’alloy niul It. XXtillinnn. “Xai'uiiiii-Tube 

I{u<)mtititi I jtlsiruUir) Scriiv. No. IS. MKiniM-IIHI 
lt4MiL f‘oiii|mn). \i*w York^ Now York. lUls, p. |||. 
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BINARY 

NUMBERS 


M 

4 « 

llO 

:^ii 

•3 

14 

tS 

16 


0 0 
• 0 
0 10 0 
110 0 


0 0 
0 0 


O I 
I I 


0 0 
O 0 


O I 
0 I 
I I 



^''6 


Figur* 6. ScoU-of•tlxt««n binary counter and display. The binary numbers represent the stotes of the 
flip-flops corresponding to a 1248 weighted code. 


llu* I’inMiit, opfriiliori in also (‘ssi'tilially imlc- 
Itniilciil of plalt'-Hiipply or lilainriil-vollUKC 
ynriation.s. Anolhrr aHriliiitc ftf Ihis rircuil i.** 
it.** very liixli <lyiiaiuic raiiKi* wliirli permit.** 
rneaHiin'iiinit of sijptal.s witli larm* umoimt.** of 
ainplitii«i(*-ino(liilMtioii or lower fnapienry noise 
- siiM*e the <*in*nit will not he elampe«l hy the 
tioise or moiluintioii iM^aks, hut will eontiiiue to 
o|M*rjite at true n‘fereru‘e-level en»s!*intj;s. 

I’he out|)u( of the lirst ainplilier state*' 
•liris't eoiipletl t«» the seeornl. Both .shunt and 
serit^|M*akinn indiKiors an* used to obtain 
iiiaxiinutn hand width. 'I'lie •<fs*ond staice of 
.’iniplilieation is similar t»» the first except that 
the push-pull input is convert***! to a sinKh*- 
**n<li‘d output. In Ihi.s i*onn<*<*tion the **in*uit i.s 
u.‘*ually n*fern*«| in as a cutho«hMouple*l 
clilUKT.'* 

The output of tin* s**<‘*»iid ampliHf*r stajee i.s 
*lin*i*tly eouple*! to tin* followini^ circuit without 
atteniintion hy m(*ans of a trimle i‘onn<s>i<*t| a.sa 
cnrn*fit srnirce.’-' Ih‘i*ause of the larp* cathode 
n*sistor, the trienh* draws a constant I'urnait 
thrnuKli the n*sistor **onm*<-ti»i| to its plate. 
With a constant current in the re.sistor, and 
tln*n*lore a con.'<tant voltajce across it, any 
variation in voltaR** at one terminal of the 
resistor is transmitted uinliminishetl to the 
otln*r terminal, hut at a dlfr<*rent dc level. 

Tin* pulH<‘-Keneralinje circuit itself is based on 
the familiar Schmitt cin*uil'* with another 
eurrent-source-coimecH*<| triod** used to **ouple 
the h*ft-haini plat** to the rijclit-liainl urid. 
Shunt p4*al<in({ alone is used in thi.s circuit sini*e 
.seri**s |M*akitiK would introduce a lime«lelay and 
th*<*rease the maximum repetition rate of the 
circuit. Tin*output puls** is )C(*nerat*H| j)y a small 
toroidal transforin<*r. wound *m a f**rrit** l•ore. 
which is **onn*s*t*sl to the ri^ht-hand plate of 
the S**hmitt circuit. 

The sensitivity, (minimum voltaic nwes- 
siirv to pnaliice output puls****) *if thi* cir**uits 
• l*‘HTilH*<l i.s alHuit ItNhiiiv rins fr*»m *lc t«i 3 .\ir, 
rising; to 2r»(V.mv rins at 10 .M**. 


Counting Circuits 

The gen<*ral mo«le of operation of the <*ounl- 
injt <*ircuit.s has ;dn*a*ly h**<*n <l«‘.s**rih***I. The 
*‘lements of th**se circiiit.s are "flip-flops,” or 
hi.stahle multivibrators. 

Forty of tin* S7 **ircuits in tin* c*iimt4*r an* 
llip-fl*>l»s. Of th<*se 40 idrciiils. .'iti are us<*<l in the 
l)**cimal (ViuntinK Fnits, when* tin* binary 
seah‘-of-sixtCN*n i.« permut***! t*» a sc;ih‘H)f.t**n f<»r 
eitln'r stumlard counting or c*mihinati*in 
count irip-sttJHijje. 

Four c:ks**a<le*l fliir-ftop.** forming a s<*aIiM>f- 
sixt**en are .shown in Fi^tire ti. 

1.4‘t us awiitin* that tin* I'ircl**}* within the 
nH'tanglts n*pr**senting **ach tlii>-flop an* tin* 
t\yo tulK*s fomiiiiK the **ircuif. \Ve d«*fitie tin* 
(li|>-fIop to Im* in the "0” stat** with the riuht- 
hand tuln* condii**tinK. Thus, in the liRiir**, the 
shu*!***] cin*les repr**s**nt on IiiIm*?*, ainl tin* 
*»calt‘-<»f-sixl<‘4*n i.s in the .stat** (MMH). The 
horizontal liin* (‘onin‘(*tions re|)n*s<*nl inputs, 
say t<» griris. and a n(*gative fniU* |>iace<l on 
the common (*onn(*ction lH*tw<*<*n tht* tuhf*s will 
turn ofT whh*ln*v*T tube i.s on and will thus 
**ompl**ment the .stat**. (‘hanging a z«*ro stat** to 
a *»ne or a one to a zero. \ signal fed to either 
grid separat**ly will set the flip-llop to the 
sj)i*cifitsl state oidy. If tin* f1ii>-flop is alr**ady in 
tliat state, tin* pul.s** will have no **lT****t. 

\ow having (‘s(ubliKh**d th** ground rules, wo 
can begin to <**mnt. Tin* first pulse r<***eiv**d by 
flip-Hop 1 in Figun* li will cause it to r(*v**rs** 
state (lOOOt. Tin* j)uIh<* form***! wh**n tin* right- 
hand tube go*‘s oil will be lawitiv** and w ill not 
alT**ct FF2. The .s*a*oinl pulse will <*aus** FFl t<j 
return to the 0 state and tin* right-hand tube in 
turning on will pnnhn*** a in*gativ** puls** causing 
FF2 to complem(*rit (0100). lOach l-to-0 tran¬ 
sition will prtHiuce a carry puls** :tnd **ach 

"’Jawb Millitian wnii Herlwrt Tuiih. ••|*uUr anil Diitital 
f’imiila.'* MrCfraW'Iiill l{<Hik (*(»rn|ianv. Inr.. \^w S'ork. 
New York, 19.X*i. 

“<i. If. S'liiiiitt. Tiirriitionir TriffC'r." 7,iurn<i/ n/ Sri^ 
tnlifir InmlrumentM, vi»l. I.X, |»|i. 2I-J*t. Jnnunrv. 10.1K. 
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Figure 7. Grosdoff 1224 weighted code showing indicotor motrix and feedback paths. The shaded areas 
designate contbinations of f1ip*flop states that exist uniquely in con|unction with the twa states 0 and 1 
of FF1 for the allowed states. The neon lamps are connected to the matrix buses. 


Slirrowivo fliit-flop will awilcli at lialf llit* nilc* 
of I ho oni* ncfon* il. Tlu» simple eirtMiil (»f 
Kimire li llierefore produces Uu* eoiiveiilioiml 
8<‘ale-of-8ixt<‘eii stspienee. 

To make a useful eoiiiiter, one mu.st add 
af)propriate means !o indicate the flii>-t1op 
Rtatt's. This is ctinveniently done with neon 
lam|ks that art* o|M'nHe<I from coiiihinalioiis of 
date voltaxes in the ni|>>flop tulKiis. In Figiin* 0 
our 11 ** 01 ) laniiM are shown, (’oiinectetl to light, 
when the right-haiul tula* is conducting (sUtti* 
1). The !i«*on hintps an* the.nrfore off for a 0 and 
on for a 1 in the particular digit (in the binary 
sysl*'!!)') that they repn*st?nl. These digits are, 


r4*s|HH*tivc*ly, 1, 2, 4. and 8, ami the llifidlops 
are sjiid to be weignted l-‘2-4-8 for counting. 
For example, HU()poKe th<* counter has re- 
rec<*ived 10 pid.*4**s. Flip-Hops nuinlK'r 2 and I 
will then In* on, and lli|>-H*>ps I and 8 oJT, 
yit*lding a coiinl of 0 (2*») 4- 1 F2‘) -f tW2^l -f I 
(2^) “ 10. Till* host nuclear scah*rs wi*n* **on- 
striK'tiHl in this general fa.shion, with binary 
dlsidays. 

For **onvi*nience and sp<***tl of miiling in 
mea.suring s>*)iti’iiis it is obvioii.sly d«*sirab|e to 
count and to display thecountisi uuiulM*r in lla* 
dei'inial .*iystem. I. 1*1. (Inisdoff of lU’.A showisl 
how to construct a fU*cade counter Icisisl (ui 


Figure 8a. Plate voltage waveforms 
at 50 kc of V2, V4, V6, ond V8 for 
1224 coding. The system operations 
occurring at pulses 4 and 6 produce 
the dips in FF2 and FF3 waveforms. 
These dips, in turn, cause the diffi¬ 
culties inherent in this system. The 
first feedback is unambiguous; the 
second, however, requires that the 
time constant of the feedback path 
be critically adjusted to be short 
compared to the time between maxi- 
mum-rate counts but long compored 
to the durotion of the dips. 



Figure 8b. FF2 grid-voltage wave¬ 
form. The first feedbock shows 
clearly as an unambiguous signal; 
the second shows a positive over¬ 
shoot coused by differentiation of 
the positive slope of the 0-1 transi¬ 
tion in FF3. In this example the grid 
swings 4 volts above the 10 volts 
required for cuttoff. When this over¬ 
shoot becomes too large It will pro¬ 
duce the commonly observed decode 
failure of skipping from on indicoted 
count of 5 to 8. 


i 



F.B. Grid V-3 FF.2 
V4 Plote, FF-2 
V6 Plate, FF-3 
V8 Plate, FF-4 
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EVEN LAMPS 



Figure 9. General Radio 1242-weighted code showing feedback and indicator matrix. Shaded areas 
show neon-lamp matrix connections. For this coding a triple addition must be used. The loss involved 
in this oddition is minimized by the use of INHIBIT lamp instead of a resistor. 


|MTiniitin }4 lKi‘ Nr:iU‘-of-HixlPi*n to a .sraltMtf-loii 
ami al tin* saiiu* timt» roniurtiriK t(‘ii 111*011 
lani]>.s in u simpio matrix to tiisplay the* poniil 
as a <ltH*imal nninlifr* 

I'ij^un? 7 shows tiu* cioul)it‘-fi*t*(ll)a<‘k s^xtom 
of (iroselolT. It is tin* .syst<*in most rommorily 
iisprl ill imxli'rii comitrrs hn'/iust‘ (ht Irn-luiHf) 
inntn'jr (hr tfinipif.sl. The .scapUMin* of 

tliis cmiirix sv’stpin Iiils aln*a<ly Im‘<*ii ih'srrilM'el, 
ami tin* wpaknoss analy/a*<l. Tin* pos.‘*ihility of 
failun* is shown rloarly in the ixscillogram.s of 
rijsnn* 8. 

'I'ln* sinjclt*-fi*P(ll)ack .system which (IreKsiIoff 
.‘snjjx(*stcd (loc*s not have tliis huilUin ha/anl. 
ItN operation has Imm'ii previously ih*scril)eil ami 
the .system is shown in FiKure In this sy.stem 
the count procissls normally up to llie eiu;hth 
pulse. The t)-I transition of the fourth fli|j-flop 
then H'set.s both the secoml ami third Hip-flops 
.simultamsnisly to 1, eliminating the* H .scale-of- 
sixteen lanary stati'-N S to 13 witliout critical 
tiniinx. The (|ue.stion imimMliati‘ly arise.H, why 
hasn’t this more reliable code la*en u.sed rather 
than the common one? The answer lic^ in the 
indicator-lamj) matrix which w(* shall now 
discuss. See FiKure 10, where this coilin^f system 
is shown in o{K*ration at .iO ke. 

Uefer aicain to Figure 7. Assume that a given 
neon lamp in the indi<*alor will ionize only wln*n 
it is connect(*d from the potential of an ofT 
ilip-Hoi) plate to that of an on plate. .\ow. for 
exampu\ take the decimal numl>i*r 1. The 1 
lamp i.s connwteil from the plate of V’2, which 



is olT (slate I ), via two n*sistors t4i pl;it4*s of \ 4 
.and N’S which are on (state (I). Thus the 1 lanif) 
will Im- on. These .states in FF2 and Fl*'4 are 
uni(|u<* to till* digit.s 0 and I in this coding 
•svstem. In all other allowed stati's either one or 
tlie other Hip-Hop is in stat<* 1 and the voltage* 
al llu* msm lamp i.s '<> the on-plate voltage, 
which is not suHieient to light it. likewise, all 
shadisl state combinations in Figun* 7 an* 
uni«|ue to corre.spondingdecim:ii numbers. Note 
that whether the 0 or llu* I l;imp is lighted 
dejM'iids onlv noon the .stale of the lir.st Hifi-Hop. 0 ^ 
The first Hip-Hop always d<'t(*rmim‘s wlietluT 
the evc‘n or mid lamji of a .selected pair will light. 

In this examph*, therefore, the type of .sim|ile 
r(*si.stor nnitrix shown will unambiguously <*on- 
trol the lamps. Now, look at Figun* H. Note 
that .Vf^sm'h (*ombination of two uni(|U(* .static 
<*\ist,s for each pair of «lecimal numlK*rs. In 
ord<‘r to get an unambiguous combination, we 
must (*ombine at least om*(* the .stnt(*s of three 
of the Hi]»-Hops. The (i<*neral Hailio eountinu 
«le<*ade u,s<*s tin* i*ombinations shown shaded. It 
would be po.s.sibh* to i‘ontinu<* to ii.si* a resistor 
matrix with a thre<*-ri*sistor addition to control 
the lighting of the Hix-sL*ven lamp pair, bul the 
lo.s.« in .such a re.slsiivt* adder, wh<*n coupled with 
the fixed ionization-deionization voltag<‘-im*n*- 
ment rc(|uiremetits of neon lamps, would call 
for utus*onomically large Hiji-Hop plait* swings. 

\\i‘ have ilevelopetl ji matrix .system reiiuiring 
the snnir plate swings as a normal dtsx'ide by 
adtiing tine ntsm lamp to tht* matrix to pn*vent 


FF-1 

FF-2 

FF-3 

FF-4 


Figure 10. Typical waveforms for the 
flip-flops in the General Radio 1242 
code of plates. 
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Figure 11. Genarol Radio 10-Mc Decade. 


I In* ionixahuii of llw six-wvfii (iiiririK 

lh«‘ .stuU* .\ ntvm lamp riwts littU* incirc 

than a n‘«i.*ilor m ire hai'e thr rrliaUr I'oth - 
uiul lit uinifmt no iiirrcnsr in inut. 

Ten>Megocycle Decode 

I'p to this iM)int wr have j|n*a«lr- 

<h*si^ii priiM'ipli's with tin n*f«*rc*rn‘«* to tlw ralr 
of rriiiiitinK.'* Mryoiul a r«*rtain iimxiinuin iiipiit- 
piilsi' ralo, liowrvor, th<* Hip-Hops will fail to 
switch iMs-aiiHi* of insuHiriciit linn* for rapari- 
taiH*f.N aKsoriattal with ll»e cirenits to charnc 
or ilisclnirno. 

IVartifal vai'uuni-tiilir routitiiiK rirciiits in¬ 
volving HiiHHo|»s whoso plato i'lirronts oponito 
iKsni-lamp indicators dirri'tly must have plate 
swings i‘\<*is>ilinK 1(K) volts. .Vs tin* conntiiiK 
rale inereasi^. the Hi|>-Hop impedance level 
mn.st !»e dis*rease<I in onler to simss! I lie eharK«' 
^ and disi-harxe of einniit eapaeitaiici*. With 
lived vultane reoiiirt'iiieiits. tin* power input 
nmst ri.**!* din*etly with this deenvisiiiK im- 
pedaiKM*. .V praetieal |M»wer limit is reaelasl at 
eoiintin^ rates of idsiut 1 Me for the eiuiven- 
tionnl deead(*s of Fij<un*s 7 and 1). 

In the ilesinii of a deea<le to operate at 
10 .Mr. a slraiRlit rediietion of 10 to I in eirenit 
impedaiiee h'vels and plate-voltap* swings will 
not vielil a prai’tieal, stalile. and reliaMe eirenit. 
Witli conventional eireuits at this fnM|neney, 
the de criteria for nOiahle Hi|>-Hop di'Mi^n eanriot 
Im* met. even with the lM*st franie-^rid tulM*s 
availahle today. The rea.sons an* simple. To 
mis't our n*«|uirement.s we must fem/ri'r the 
tula's so that the ofT tula* will nmiain off un<ler 
worst ttihe-auiiiR and eom|M>nent-variation 
conditions. This overdrive voltage must he 
availalile at the j;rid side of the cro.ss^ouplin^ 
network which normally has a voltage lo.ss of 
*3 to ’ •>. i’liesi' desiirii n'i|uirements <*all for 
larger plate-voltag«* swings than <*an lie pro- 
diK'ed within the power ratings of even the 
Im'sI naalern tulies. 

We have developed a llii)-Hop, ha.sed on the 
curn'iit-souree coupling system ih'serilied in 
the sT'ction on input ein'uits, in which theero.s.s- 
cou|)ling loss has Ixs'ti eliminated.^ Only ' j 
of the plate swing of a iiorimd circuit is 
ntiiiiml, with a pro|K>rtional s:iving in the 
faiwer n*<|uired. With a conventioind ciieuit, 
the two-to-one tuhe-nindown criteria can Is* 
ini't at impedance levels Hppnipriate to 5-.Me 
resolution, with the unity coupling tis'liniiiin* 
tla* same tuhe di.'isip.ation will yield at I.VMc 
circuit 


It is not .sufiieient. however, to di'sign a Hi|e 
Hop circuit meeting the tivial <|c reliai)ilit\ 
criteria and switching at a suflieiently fast nite 
Thiscin'uit must now iN'designnI into a dia*ade. 

H<'liahle Hi|»-Hop cinaiita in which the eiitoff 
tula* liJis a large* excess hia.** voltage nspiire large 
triggering voltage's ami, with the linite rise- 
liim* of the triggering voltage, ac<*umulate more 
time delay hetween tin* application of the 
trigger and the actii.al stage-switediing action 
tliJin the more conventional designs. Various 
special design.s have liee'ii siigge-sted for high- 
s|MS'd ehs'ades."’ All of tla'se foriii.s have Iw'e'n 
analyzed and the conliguralioti shown in Figun* 
11 was ado|)tes| as tla* optimum structure from 
the stand|»oint of time del.ay.* 

The decade u.si*s a gat** lietwis'ti the first and 
sn'ond Hit>-Ho|*s. This gate Is o|H'rat<sl at the 
count of S to prevent count \o, 10 fnini setting 
KF2 to .state I. FFl is resi't to the 0 state l»y 
the tenth puFe and i.ssues the carry output. 

The tiimMlelay riNjuireiiients in this .system 
an* e;i.sily explainisi. For finiper operation the 
gate mu.st he closnl at the count of 10. It is 
openitisl liy FFI at the count of S and .so the 
tot.al loop delay including the gat<' rise time to 
the closed condition must Ih* less th.an two 
counts at the maximum input fre<|uency (0.2 
usiH' at 10 .Mci. The gale must again he open 
and reioiy to pjLH.s a carry pulse for FF2 at 
count 2. Since the fourth HiieHop is resi't 
directly from FFI. it is clear Inat the closing 
timc^lelay limits. I'iven with our n*liahle and 
“stifT” Hi|>-Ho|>s, the total hnip delay do<*s not 
approach the 0.2-usis' failun* ligun*. 

Sole that the gating system «if this d<s'a4|e 
h‘av<*s the .second Hi|eH<»p in stal<* 0 for the 
counts S and tt. W4*, therefore, havi* a pure 
hinary |)rogre.s.sion wi\h weighting 1-2- l-S. 
Sima* at>y 10-.Me re.solution decade nuist have 
small plate swings, a .s<'t of hulTer ampliliers 
must l>e us(sl to drive the indic.at<ir. Tlu'se 
amplilif^rs .an* driveri hy the 10-.Me decade 
pl.ati's tlircMigh a n'sist<ir matrix which chango 
the 4MKle to I-2-1-2 weighting .so that the huffcT 
output is identical w'ith the output of the lower- 
spissl decailes. 

cKrt'iirh imt^nt 1.2in..'liUI. t . S. t'airnt iM'niiitiK 

"Z. linv An«t N. T. (in^iiiorr. ’ Iliitlt Siiet**! ni|»-no|r« for 

iltp \tilliinir*rr»wmn«t tHH Tnins 

Ifttnir ('ompulfm. KC’-.J. 3. S'pl«?mlM'r. la.'sv. |*. I2l. 

An Mirvrv of Uit* problr'in^ mn bo fonmt in I.. 

Nt. WilliAiu. I). K. Alilrioli :in.| .t ft WrHMlfur.f. of 

Kloofronio .Switoliiiiu r’irniif*." /Vor. »•/ tffH, v’ol. Hs. 
pp. (i.VfiO. Inniiary. in'iO. 
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-, MAIN . . 

COUNTIWG t— CU^O K OUNTIWO 
I 1 250 ww DELAY 
y STOWAQg WCSET 


1 i tOuMC btLAY 



Figure 12. Counting and ttorage decades for the Type 1130-A. 


Combinotion Counting-Storage Decode 
and Storoge System 

V (hviiiial <*(iiiiititi); unit rntirt’ly uiiii|iii**' to 
tin* Tyi'K I13(I-A Digital Tina' utal rni|u«*iM*y 
Mot IT irt shown in KiKun* 12. Tin* unit is a rom- 
hination <l<*<‘aiJi> whirh ran imIIht roiint in tin* 
iiortnal fashion at friM{iR‘iu‘it^s in oxrcsH of 2<) kr; 
or, altiTiiatiyrly, whirli can store hinury ilaia 
iiixi present it as a liet'iinal ihiiuIkt when lliese 
(lata are read in from otlier < leneral Kailio 
standard I-2-I-2 cimIimI deeinud eountitiK units. 

W hen the eounter is iis4>d for eontiniiotis dis¬ 
play of inforiiiation, tlie ei^ht deirs an* l»rok(*n 
into two groups of four eaeh. Thi.** b* doin* l»v 
interrupting the earr>'jnihu* Im’Iwitii the fourlii 
and the liflh dcirs. (This fifth ileii Is the first 
eoinliinatinn unit.) Tlx* timinK dhiKniin of 
I'inure 12 shows the stspieiiee of events after a 
eoiiiiliiiK interval. This sispienee is initiateil l»y 
thee)o.sinKof the main ^ateand etuhsl ItfOO/isi-e 
later when the ilei'iinal counting units are r(*«et 
to zero, 

DurinK this tinx* interval: 

1. 'The storage unit.s are .set to zero, erasing 
the old data from the la.st eounling interval. 

2. After a UM)-/i.see interval to insure that the 
storage units are at ei|uilil>rium, 

3. V transfer eomniand pulse is generatisl on 
the ••transfer” I ms lasting for o(H) //wm*. During 
this interval, any l>inar>* I in a laiunting diTade 
will eause tin* transfer lamp (V9 through VI2) 
to ionize. The n*siilting pulse will set the 
npiivalent storage flifr-flop to the 1 state. 

4. loO usei* after the terminalion of U>o 
transfer eomniand, the dru's art* n*set to zero 
and the new eounting cycle can la* startinl. 

When they ionize, the neon lamps them.selvi*s 


provide pulsi*s which transfer data to the stor¬ 
age unit.s, so that the Isolating resistors lH*twis*ii 
the eounting and storage units ejui have very 
high values. Since the neon lamps, when not 
ionized, have very small cnpaeitaiice, the count¬ 
ing and storage units operate inde}M*ixl(*iitly 
and no complex .Hwitching is reouircal. 

.\t the neon-lamp junctions, tia* logi<-al 0 and 
I lev(*Is from the counting deeaile provide d:o0 
volts .Mcro.ss the Imlh which is not to ionize and 
I.tO volts acroB.s the lamp which must ionize for 
a 1 transfer. Tlu'se levels insure that uii.si*Iis*ted 
ix*nn lamps can he useil with no danger of falsi* 
triui.sfer or failitnr to transfer. We have pro- 
vidivl a complex, and heretofore unuhtainahle, 
function in the nimhination counting stonigi* 
dmidc*. hy ii.sing only four ine\|M*n.sive nnm 
lam|is, eight n^istors, ami eight capacitors. 

Program 

Figure* 13 is a hlrn'k diagram of the pnigram- 
control system us4*d in the (JH (’ounter. 

D‘t us a.s.sume that the .seipience liegins with 
a n*set pulse from the Hi*set (lenerator. Thi* 
reset pulse si*(s all the Decimal-Counting Tnits 
and tne IVogram-C ontrol D<*<*ade to zero and 
sets the .M;iin (iate Fli|>-Flop and the Program 
tJate Fli|>-Flop to zero, closing the .Main (iate, 
the Program (iate, the Dimie (iate, .•md the 
Time (iate. Since the Time (late is closesj, clock 
pull's from the Time Ihise cannot activate (h«^ 
Nlain (iate Fli|>-Flop and the trigger pulses 
from the Input (‘ircuits cannot enter the 
Dis'imal ("ounting I'nits. 


oPoIcnl IVtulinie. 
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Tin* rr.si'l pulHf* nLsij Irinj^ors tlu* Uiwt I)<*I;iy 
(JriuTiilor, which i)ro<hic‘<*s » piil.s«‘ KM) 
later niu! s<»t« the rrcHcniin thile FliinFlop to 
the “1" stale, o|M‘iiin}C the PmKrtiiii (lute and 
partially «*<Miipletin^ the Diode (Jate. The Time 
(iute is still elowtl, hut piiLsi's from the Time 
haM<* eaii pass to the Frojfram-C’ontrol l)t‘ende. 
The lirsl Tim«‘-lhLse pulse advane»*s the state of 
the dfH'ade to “I”, whii'h eoinplel«*s the Diode 
(late and eausi-s the Time (late to o|M‘n. The 
next Tiim^-lhiH* pulse, the si'eimd, p;ias<*s 
through the Time (late and eomplemeiits the 
.\laiM (ljit4‘ Flii)-Flop to **1”, whi<*h opens the 
Alain (late and allows puls4>s from the Input 
(’ireiiits to enter the Di‘eimal-('ouiitinK I nits. 
Th«* s4s*orid Timt^-Iijise iiulse also advaiiees the 
state of the l*roKram-( ontrol Deeade to ‘“i,” 
whieli dis:dth*s the Dio4le date's and elos<*s the 
Time (late so that the following Tinu'-lhise 
ptdsis cannot close* the* Main (late.. The* Main 
(late remains ofH*n while* the* Time*-lhLse* pulses 
e*ontinue to aeivane*e the state of the* I'roKnim- 
Contnd Desaiele*. When the* eles’ade* re*aehe*s “I** 
aKain, the* Diesle* (lute Is UKain eamhle'ei anil the* 
Time* (late is opeiuHl, allowinjc the* ni*xt 'rime*- 
Ihi-se* pulses the* «*le‘venth. to iiass throu^^h and 
I'omplement the Main (late* Fli|s-Fle>p to “0.** 
e*le»sin)c the Main (late*. FidseN freuii the Input 
C*in*uit have Ims'Ii allowesi to p:iss throiiKit the 
Main (late* into the Des'imal ('ountint' I nits feer 
t*.\ae*tly ti*n Tirne'-lhise* jailse* inle*rvals. 

The* closing of the* Alain (late at tin* e*nel of 
the* me*ji.sun*ment interval si*ts the* Frograin 
(lute FlijHFIeip to “()’’ aiiel loe*ks out the* l*re>- 
Kram (late, Diiale (late*, ami Time (lute* .see that 
the* Dei*imal-(’ountinK I'nits can elisplay the*ir 
ace*umulate*il e’oeint. If the* Intermitte*n( elisplay 
mi»de* is use*el, the* Alain (late I'losiiiK also triu- 


|ji*rs the* Display-Interval (le*nerator. At the* 
enel of theele*sin*el III- to I0-ses*ond elisjelay time 
the* l(esi*t (le*ne*rator is tri|£Ken*el, pnieiui'ini; a 
n*se*t piiUi* which lN*)dns the e*ye*le again. 

If the ('ontinuous elisplay meeele* is nsesl. the* 
Dis|[)iay Int4*rval is ili.sal)le*d ami the Alain (late 
e iosing lrigge‘rs llie Transfer dnit. Tliis uidt 
e*ause*s thei*ounl ae’cumtdalesi in the* four e-oiint- 
ing e|is*aele*s to Is* transfe*rnsl to the* four storage 
ile*e*aile*s. .\fter a l-msee* in(e*rval. ge*m*niti*el l»v 
the* Tninsfe*r I May, the* Ile*si*t (le*ne*rate>r is 
triggereel ami the* cycle* he*gins again. 'Phe 
me*Jisure*me*nl i*ye*h* e*an he* stoppe*d aliel steirti*el 
again at any |H)int hy the* .Manual l<e*se*t, whie*h 
is eontndleHl hy the* fmiit-pam*! I{e*se*l .switch. 

For ItVIVrieMl measeire*me*nts, the* role's of the 
Input f'in*eiit.s ami Time* Ihese* are n*ve*rsed so 
that the* Alain (late* remains ope*n for ti*n input 
inte*rvals while* Time»-H:i.si’ pulse's are* re*gi.sle*reel 
in I he* De*cimul-( Stunting I'nits. 

The* eis<* of the* Program-Control De*e*aele* in 
the syste*m pri»vieli*s thn*!* aelvantage's: 

1. To ohtain a Ul-se*e*onel mi*;Lsure*me‘nt inter¬ 
val the*lo\ve*sl .sp«s*d Time-Ha.se*elivie|e*rope*rates 
at I e*ps ralhe*r than O.I e*ps. 

2. 're*n-Pe*rioel me*asure*me*nls are*e*asily maele. 

3. 1'he* iie*:iel time lM*twe*e‘n me‘a.siir(*me*nts is 
e|e*<*n*u.s4*el tee twee-tenths of a niea.sure*me*iit 
inlerval. 

I’or single*-|M*rie>d ami time*-inte*rval me*asure*- 
me'iils, the* Program (late*. Program-('onlred 
Des*ae|e, ami DiiMh* (late an* re*move*el from the 
syste*m, ami the* Time* (late* o|N*nite*s luieler the 
elin*et e*ontrol of the* Program (late Flife-Fleije 
or the Input Circuits, I’he* syste*m eflie*ie*ney is 
the*n re*iluiMH| to olP,, a me*asuri*me*nl he*ing 
nniele* eluring evi*ry otlier interval at he*sl. 


Figur* 13. Block diagram of the Oigifol Time and Frequency Meter 
for frequency and 10-period measurement. 


COUNT INC OCCAOCS 
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TIME 

Drive Sources 

The timt* bast* nl’ tiu* 'rvi'K 113()-A 
(’ouiilcr is (i(^si^lK>(i t«» o|n‘r:itt* frniii a 
.VMr smirce. To suit a varirty of 

nM|iiir(MiH*iils, srvrral <lrivo soarcrs arc 
available asopti<inal units which can be 
))ln^^e<l into t he n*ar of I he counter. 'ITie 
'rvpK II30-P2 Oscillator Mnlti])li(*r al¬ 
lows operation from exl4*rnal sonrc(‘s of 
KM) k<*, I Me, or o Me. or from an in¬ 
ternal 5-Mc o.-(’illator. 'I'he intcTiial- 
t»Millator circuit n.s<‘.s a room-tempera¬ 
ture i|nnrtz crystal (if exci'ptional char¬ 
acteristics*^ with a short-term .stability 
of about I K)^ \n'v minntf^ and an a^in^ 
rail* of altont 2 ID' per week, ria* 
multiplier circuit u.mvs novel te<*hira|nes 
developed i^pfsaally for this applica¬ 
tion. 

riie ’rvcK IK^O-IM Oscillator c<in- 
tains (lie o.scillator portion of tin* 'I'vi'K 
I b^O-1'2 Oscillatiu- Multiplica* and is 
recomimaaied for those applications 
when* part-per-million accuracy is suf- 
licient. 

’rhe'l'ycE 1130-1*1 Kns'isioii OM'illalor 
is a solid-state d<*viee r'ontaiuin^ a 5-Mc 
f»m< la mental-mode crystal, 'fhe crystal 
and the oscillator cinaiil are enclosed in 
ii proportionalH'ontrol oven. 'Hus o.s<*il- 
lator displays a short-term stal)ility of 
about I 10'^ per minute and an a^iiig 
rate of about 5 It)' per W(‘<*k. T'he tinu'- 
laiM* drive sources m(*ntiomHi will be 
de.s<*nl)ed in furth(*r d(*tail in a forlh- 
comin^ issue of the Exfu rimenivr. 

If extreme prinisiou is re(|uire<i. the 
eountf*r can be operatisl from a standard 
fre<|ueucv iKscillator .such as the Tyi*k 
II 13-A.‘^ usiinr a Type 1130-1*1 Time- 
Ka.st* I’liit or any of the ones mentiom*d 
above*. 

'*a. W. Frnnk. 11. C Strul*’iiMni«r. *‘.V Tinu»/Kr*’inu*nr’.v 
e'ulilirntor -if IiM|»ri>vi>«| r»Vn<r«/ 

Hit" rtmrntrr, Ort»>l»i*r. ClV.i, 


BASE 

Time-Base Dividers 

’Flu* divide*!* circuits are of the proven 
multivibrator ty|)e. 3'he Iow-fn*e|uency 
tlivielers you* hi>;h-valu<*<l. plati*-load n*- 
sistors to in.sun* “hanl bottoming" ami 
minimize tiie etT4*<*t of variations in tube 
characteristic.s.*' 'Flu* hij^h-fre<|uency, 5- 
.\Ic to 1-Mc multivibrator uses a frame- 
jj:rid double* triode* in a circuit we*ll sta¬ 
bilized by current f(*(‘tlback.‘^ .V KM)^ 
inen*:i.se in the plate re*sistance cause's 
only a 5^{ e*hanjre* in the fr(*e*-ruunint? 
frfMpie*ncy of the multivibrators. He*- 
caus<‘of the* e*\e*e*plionaI stability of lhe*se‘ 
cin*uits, no pe*riodic adjust me*nts are 
re‘(niin*d. 

Time-Base Monitor 

If the 5-Mc tinu'-bast* drive* sij^nal is 
ab.se‘Ul. the <livide*r chain will ceperate* at 
a fre*<|ueni*y e'l ror of abeait 5VJ. Similarly, 
if a failure shoeilei oce*ur ai»ywhe*re in the* 
time* ba.se, the l-e*ps multivibrate)r, the* 
last diviele*r in thee*hain, will be* in e*rror. 
Sue*h an error. e»f e*eairse, will be*e*ome 
eibviems if the ee»unte*r is se»t fe»r .<e*lf- 
e‘)H*<*k eiperatiem. In aeldition to this, 
however, a memitor e*ircuit has be*(*n pro- 
vieled te> inelicale* any irre^idarity in the* 
time* ba.se. 'Fhe* 0.5-.se*e*ond half pe*rieMl of 
tile* 1-cps eliviele*r is continuously ceim- 
pare'el with a 0.5-se*e*onel interval. whie*h 
is inde*pe*nele*ntly >j;e*ne*rat(*ei by a fre*e*- 
running multivibrateir e)f ei(*sign sitnilar 
t<i the divide*!* cin*uits. If the 0.5-se*coml 
inte*rvalseIilTe*r by tueue* than K J, a pjine*! 
light Ila.she's te) warn the operator. 'Fhiis 
the time ba.se* is ronlintiuushf muiiUni'ni 
rn n irhrn thr rountrr in mahimj nirnHiin - 
ifwnts. 

‘'ll. T. Mp.\l«fr. “.V Xovinl Motltixl for FrtM|UPnr.\ Mutli- 
lilu-ulion.*' KIrrtronir Iruluntrirti, Auttiiil, lU.'ill. 

Fn*qt|i«nry .Slntnlurtl.** firurnif Itintin Kxinti- 
mnUrr, .Wit. HMU. 

•'ll W. Frank. F. I). I.pwi«. “TJip Ty|H- l'-M:i.C* I’nit 
Tuitp/FriNiufni’.v C’jilihralor.*' tttnmu Umtin h'lprti- 
mcnlrr, .liinfr, I’.K'ifl. 
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MECHANICAL DESCRIPTION 


The Tvpk 113()-A Diyjital Time and 
Fm|ni*n<*y Motor has l)oon dosi^^nod tr> 
faoilitalo lH)th the oniislruction of the 
instruinont and the occasional inainto- 
nanco r(*<|nircd. As incntion(‘d above, 
every vacuuin-tnix* circiiil is on an 
(easily reinovabh* etclied-circuit board 
|)luj«:Ked into the main structure. TTio 
main structure is a ruKj»;(*<l framework of 
cast and machined aluminum, contain¬ 
ing; the |)<»wer transformer, .s<ane of the 
power-.supply rectili(*rs and filter ca¬ 
pacitors. interconnection cables, plng.s, 
and sockets, .some compomMJt terminal 
boards, and the fnmt panel with its 
switches and swil<‘h circuits. Front- 
panel .switches c»)upl(* automatically to 
switches on thc» etch(‘d boards without 
.set-.screws or critical alij^nment. Hach 
eti’hed board is securely fastened in the 
instrument by means of a sini»;le screw. 
Time-Mase drive units pluj^ into the rear 
of tin* instrument and are held by two 
p.Miiel scnnvs. 

(^tiicM forced-air coolinjj; is us(*d to hold 
the internal terniierature ri.se to alunit 



Figure 14. Interior view of the Type 1130-A 
Digital Time and Frequency Meter. Note that the 
efched-circuit boards (some shown partially 
withdrown) ore readily accessible. 

15 (’ above t he e.xternal ambient temper¬ 
ature. The air filter snaps out easily for 
cleaning. 

A view of the instrument with cabinet 
removrul is shown in Figure IT 


TESTING TECHNIQUES 


Hecau.se of the modular construction 
of the C’onnter, it is po.ssibh* to test each 
etched board thoroughly ns a unit be¬ 
fore installation in tin* insirnment; and 
t he st met nr(‘ itself wit h its power .supply, 
.switches, and components can lx* t(*.sted 
alone. In addition to subassembly test¬ 
ing, of cour.se, the completed instrnnaMit 
is subj(‘<*led to over-all testing. 

.V po.s.sible difficiilly cau.seil by the 
wide tolerance of t he circuits to tube and 
compoiK'iit variation is an increase in (he 
probability that a wrong-valmal com¬ 
ponent or a weak tube may go un¬ 


noticed, .since the circuit may still func- 
li(»n prop(*rly. To combat (his pos.sibility, 
the circuits are. subjecteil to marginal 
testing in which the .supply and signal 
N'oltages are varied over wide ranges. 
Th(‘ Decimal-Tounting Tnits, for ex¬ 
ample. must operate properly fora plate- 
supply voltage* variation of dr 120 volts 
about the nominal value of -h‘^tM) volts, 
and the 'rina»-Ihis<* nnil must operate at 
half its nominal plat(*-supply voltage. In 
addition, every instrument must operate 
jiroperly te» 11.5 Me 


lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516) 334-5959 








GENERAL RADIO EXPERIMENTER 


18 


ACCESSORY 

Tf) incr<*«s<‘ tlu* raiinc ol* applicntioii 
of the '1'yi»k I IriO-A Digital 'riiui* anil 
rrounnncy Motn* the folli>\vinj 4 instni- 
nifiits ar(‘ availal»le: 

Type 1132-A Data Printer 

Maniifactiiml and siTviciMl hy tin* 
(*lury ('orponilion of San (tal>rii>h 
California, anil sold l)y (IH. the 'Fvi't: 

1132-A Data l*rintt*r provides a per- 
nmneiil printiMl record of the results of 
nieasureinent on nddinK-inachini* tape 
and allows unattended nieasiiriMniaits. 
'Fhe instnnnent automatically prints 
rows of twelve-di^it nuinhers at a rate 
adjiislahle from one print every twenty 
seconds to three prints per si»cond. ha^ht 
of the twelve diirits are ohlaininl diriM*tly 
from the Counter, and the other four 
dijiits may he obtained from external 
sources. .\ keyboard and print-i*ommand 
bar at the top of the instrument allow 
numbers to be typed manually between 
automatic prints. \n output for driving 
an IM.\1 summary punch is available a.s 
a <fieeial option. 'Fhe printer is mounted 
in a bench-type case with the addiiiL;- 
inai'hine tape i.ssuini' from the top. 

Type 1134-A Digital-To-Analog 
Converter 

MecMus«‘ of th(‘ internal storage eapa- 
l»ilily of the continuous display of the 
Tvi’M 113(1-.\ Dijujital 'rime and Fri'- 
(lueney Meter, the tiusk of graphical n*- 
cordiiiK I'' vastly simplilinl. 'Fhe 'Fyi'K 
ll3l-.\ I fiKital-tfH.Vnaloi; (’onverter ae- 
cef)ls t he four-line. 1-2-4-2. binary-i*oded- 
d(M‘imal outputs of the four storaj^c* 
decades of the (\atnter and produces a 
dc analoj; output ofO. r; accuracy. 'Ffus 
accuracy specification includes the elTect 


EQUIPMENT 

of nonlinearity, repeatalality, 
line-voltage variation.s, loiiL^-lerm stabil¬ 
ity, and ambient temperatures from 0 
to oOC’. 'Fh<‘ 'Fheveniii e(|uivalent of the 
output circuit of tlie instrumcmt is a 
voltajj:e source varying from 0 to —30 
volts behind a re.si.^tanee of 30 kilohms. 

This output will drive l-nia j^raphical 
rei-orders with input impedaiici^ up to 
2 kilohms. .\n internal KMiHihm n*si.s!or 
can be con III 1*1 ed in shunt with the out¬ 
put terminals to provide a 100-millivolt 
siL^nal to drive* most volta|j;e recorders, or 
i*xl(‘rnal resistors can be (*onne(*ted to 
produce other voltages. 'Fho instrument 
can be switched to operate from any 
tlirn*, or the last two. coiisi'cnlive digits 
of the (’ounter display, allowing a pre- 
ci.sioii of recording as great as that of tlie 
Counter it.^lf. 'Fheavailidality <»f thisin- 
.strumentation should in<*r(‘as4* the popu- ^ 
larity of gniphical recording of fre<|uency 
stability, drift, etc., b(*cau.se of the ea.se* 
of interpretation of a graphical record 
com])ared with that of a list of print(‘d 
numbers. 

Type 1133-A Frequency Converter and 
Video Amplifier (under development) 

Thin indrunu nt incrnts4's thr nmnitivitj/ 
iff thv Tyi»k 1130-.V, mif! iiirrrnsrn thr 
/mfurncfi rangr In .\/r. Th' indru- 
mt nt proritirn a ditjUnl t/isplap nw! can hr 
oprratrfi rifhrr ns n tridt-hnnd hrirrodfjne 
ronrrrtcr for ch an s^ptats ur as a selectin' 
cifurcrtcr for noisif s{{pinls. Thr hrtrnuhfnr- 
rrfcrcncr sitfnals arc dcricrd from thv 
rrffstal^onfndlnl Timr-Hast tlrivr sotirrc 
of thr ('onntrr and an just ns nrcuratc. 

— H. W. Frank 
— II. T. .M< Ai.kkr 
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Fditok 


SPECIFICATIONS 


FREQUENCY MEASUREMENT 
Range: l)f’ to 10 .Mo. 

SansHIvify: 0.25 Volt rnis for sine wjivcm, iiioro 
'Moiwitivc ul low frt*(|uencH»<: 0.1 volt pi»ak-tt>- 
|»euk for ty|)intl pulse waveform.s. 

Counting Intorvol: 1 nisis' to 10 se<\ extendi* 
l»lc by Ml mi*i.E i.s’TERVAi. switch or cxteninl 
t'oiiius-iioii.s. 

Accuracy: rb 1 coilllt drtime-bast^OHcillul or 
iiiMMiruey. 

PERIOD MEASUREMENT 

Rangt: I0//Hi‘c to 10^ .s<*c — Ulc to 100 kc) - 
for Mingli'-pcriod mcjusurcment. 330 to 

10^ see — (lit* to 30 k<*) — for tcii-pcrioil 
inca.su rement. 

Santilivity: 0.1 volt rm.s for .sine waves; 0.3 
volt pcak>to-|H>uk for typical pulse w’aveforin.*». 
Counting Intarval: 1 tKfriml, 10 |M>no<lM. ex¬ 
tendible by Ml i.TieiJ^. INTERVAL Mwilcli or 
external conne<*lions. 

Counted Frequency: 10 Me, 100 ke, t kc, 
10 cjis, or e\|«‘rnal (0 volts mis sine waves, or 
+ 10 volts iH*ak pul.s<*s, 10*) cps to 10 Me ). 
Accuracy: ±0.1' ^ at 1 volt rni.s for siti)cl«‘- 

mtiimI niiNisuremeiii: iM'tter for hifcber volta»fe 
evel and noe<l sijtnahto-noise ratio. ±0.01',. 
at I volt rms for 10-neriod measiirenieiit; 
belter for bibber voltiige lecel and koihI siKual- 
to-noise ratio. 

TIME-INTERVAL MEASUREMENT 
Ronge: l>is4*<* to 10^ .sec 
Sensitivity: 0.3 volt p<vik-tO-peak. 

Counted Frequency: 10 .Mr. KM) kc, 1 ke, 
10 c|w. or external (0 volts nns sine waves, or 
±10 volts jK*ak pulses, 100 c^w to 10 Me). 
Accuracy: l)e|MMident on sloi>e of input siKtiais 
at in.staiits of triKKcririg. For steep slope.s 
le.g., pulsr's): ±1 pi*riod of frei|uency counted 
± accuracy of fnaiuency countetl. 


COUNT MEASUREMENT 
Rote: De to 10 .Me. 

Sentitivity: 0.25 Volt rm.** for .sine waves, more 
sensitive at low frerpieni’ics; O.-l volt peak-to- 
|R*ak for typical pulse waveforms. 

Capacity: HY* roillits. 

TIME-BASE OSCILLATOR STABILITIES 


Tlfpe 

Shor1~T*r»4 

Ijung-Ttrm 

n:^)-F2 

les.s than 1 10^ 

les.** than 2 10^ 

I130-P3 

fKT minute 

per w»*ek 

1130-P4 

h^s than 1 lO** 

Um.** than 5 10^ 


tier minute 

per week 

lI13-.\ 

leRK than 1 10'^’ 

les.** than 5 10“' 

(with 

per minute 

per day 

I130-P1) 

nie;L**nr(*d with 

fH)-day aver¬ 


1 sec siitnple 

age after liO 
days' opera¬ 
tion) 


Display: Xer»n*lamp columns — 8 digit.** inter¬ 
mittent, -1 iligits continuous 
Display Time: Vurialile, 0.1 to 10 see*, infinite, 
or contiiiuoii.s display. 

Input Impedance: t megoblll sblllittsl by-tO pf. 
Input Attenuotor: X I or \ 10. 

Check: 10 cps, 1 kc, KK) kc, or 10 Me ran be 
coiiiitiHl for 1 m.Hce to 10 sec. 

Monitor: FbLsIiiriR lamp indicates lack of time- 
bu.**e drive .siinial or imfiroper operation of 
frcHpiency dividers. 

Input Triggering Level: V^iriable ±10 Volts. 
Input Triggering Slope: Fositivf^oillg or 
negative-going, ac or dr coupling. 

External Outputs — Front Panel: flATE signal 
(coincides with counting interval). 

sv.NC pulses (at start of internal program 
cycle). 
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10 rf>8 to 10 M<* (except 1 Me) standard 
fre<iueiici(?s from ext roniie<*tor, de{)ending on 
settingH of measurement, krequencv, and 
TIME controls. 

External Outputs — At Rear: MlT.TlPEE-t.VTEtt- 
VAL connections (terminals of multiple 
INTERVAL panel switch; “carry*’ pulse of 
prognun-i-oiitrol dc*cade to be counted down by 
external interval-multiplier circuit for check, 
frequencv. and 1(V-period measurements). 

8, four-line, binar>*-codeti-deciinal digits 
(1,2,4,2) (“0” = 185 volts. “1" = 65 volts — 
0.5 megohm source impedance — minimiun 
load imfHaiaiice 1.8 megohm). 

Time-Base Drive Required: 5 .Me, 1 Volt miS 
into 50 ohms ^supplied by 1130-1*2, -P3, -P4, 
1113-A). 

Power Input: 115/230 volts, 50-60 cps, 4(X) 
watts. 

Dimensions: Width 19, height 15^4, depth 19 
inches (485 by 400 by 485 mm), over-all. 
Weight: 85 lb. (39 kg). 


ACCESSORY INSTRUMENTS 

Time-Base Units (see page 16 and al»ove for de- 
scriptioii and stability tigures). 

Type 1130-P2 Time-Base Oscillator/Multiplier 
(n*ar plug-iii) for openttion from UK) kc, I Me, 
5 Me or internal 5 .Me. 

Type 1130-P3 5-Me Time-Bose Oscillator (rear 

plug-in). 

Type 1130-P4 5-Mc Precision Time-Base Oscillator 

(rear plug-in). 

Type 1130-Pl Coupling Unit for usc with external 
time base, such us Type 1113-A Htmidard- 
Frf*iniency Oscillator. 

Type 1132-A Data Printer 

Type 1134-A Digital-to-Anolog Converter for 
driving graphii* recorder. 

Type 1130-PS Servicing Accessory — permits 
ooeration of any of 11 |)riiitHl-<‘in*uit Umnls 
(*lear of rest of instrument for opiTutional 
trouble sluxitiiig. 


TiffK 


Cotlt Woni 

Prit'e 

T130-AM1 

(Including Type 1130-PI Time-Base Unit) Bench Mount 

l..\BOR 

$2M5.M 

1130-AR1 

(Including Type 1130-PI Time-Bose Unit) Rack Mount .... 

MINIM 

2585.00 

1130-AM2 

(Including Type 1130-P2 Time-Base Oscillator/Multiplier) 
Bench Mount. . .. 

I.AI*EL 

2750.00 

1130-AR2 

(Including Type 1130-P2 Time-Bose Oscillotor/Multiplier) 
Rack Mount .............. . . 

MtXHA 

2750.00 

1130-AM3 

(Including Type 1130-P3 Time-Base Oscillator) Bench Mount 

LAH.S<> 

2670.00 

1130-AR3 

(Including Type 1130-P3 Time-Base Oscillotor) Rack Mount 

.MtMittL 

2670.00 

n30-AM4 

(Including Type 1130-P4 Precision Time-Base Oscillator) 
Bench Mount ... 

LINER 

2950.00 

1130-AR4 

(Including Type 1130-P4 Precision Time-Base Oscillator) 
Rock Mount. . . . 

METAL 

2950.00 

1132-A 

Data Printer. . 

LII.AI* 

1450.00 

1134-AM 

Digital-to-Anolog Converter (Bench Mount) . 

MIN(»R 

595.00 

1134-AR 

Digitol-to-Anolog Converter (Rack Mount) .... 

M< »TT« f 

595.00 

1130-P5 

Servicing Accessory.... 

MOLAR 

30.00 


I'.S. Patents 2.64S,457; 2.977.M0: and Pat(>nts IN*ndinit. 


CORRECTION 

The Type 1112 -.\ Standard-Fret lueney 


Multiplier input speciticatioii.s given in 
the .April, limi EXPEHIMENTEH 
.should he corrected to read as follow.s: 
Input: 1 volt, l(K)-kc .sine wave from 
standard-fret|uencv oscillator. Can also 


he driven at input fre(|uencie.s of 1 Mo 
(1.5 volts), 2.5 Me (0.4 volt), or 5 Me 
(0.4 volt). Will run fnn? with no input 
.signal, hut ahsolute fre(|uency may lie in 
error hy several parts per million. 


General 


Radio Company 
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